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FIELD OF THE INVENTION 

.n,llv relates to the fleld of micmprocessors and more 
imo'lThis invention generally relates xo 
rpedicallytothermal measurements of microprocessors. 

0ESCR.PT.ONOFRELATE0ART „,„„ng 
lOOO^Hecentlv, there hasten a s^^^^^ 

apparati, such as blowers, coohng hats m ^^^^.^^ 
temperature, which microprocessors att ,n under^ 

opera«ng conditions. The cooiing P'"'' ^ ^^^^^^^^^^^^ the 

.creased circuit density with. — ;JJ,,3tion, the heat load 
accompanying leaKage currents that result A aj^her c 

on a microprocessor, which depends on the wort^- o ^^^^ 

.neveniy dist.huted over the area °' ^ over the area of a 

,„„,_tdetailed-~ 
t^ermai Information of a 

— -r*rr:;X^o^^^^^^^^^^ , „ocessor and 

tnen^a, information ^^^^^J microprocessor is operated under 

pacKage temperatures to en^re^ tha ^^^^^^^ ^^^^^.^^ 

reasonable conditions. To date, there is 
.ermal distribution ofafuily operational microp^c^^^^^ 

.arger than approximately 10 wW. One -on " ^^^^^ 
fact that cooling --^^r — -^^^^^^^^^ 
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Of — e«o.s to «e such temperatures t.eore«ca„v but these tend to 
be of limited value to microprocessor designers. 
,OO..e.e.co._~ 

ri::::::e:r^ 

least some of the energy radiated fro. the microp— ^'^^^'^^^^ 
cannot take an adequate temperature reading o, the ^ ^ 

Lng systems do not aliow for the taKing of proper thermal measurements of the 

microprocessor. 

rOOOTlTherefore a need exists to overcome the problems with the prior art as 
Z;sedle,andparticuladyforawaytomoreefr,cientlym 

properties of a microprocessor during operation. 



SUMMARY INVENTION 

10008, Briefly, in accordance with the present invention, disclosed is a system and 
Tl for measuring the thermal distributions of a microprocessor dunng 
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Microprocessor .ased on t.e t.er™, — r, received f.n, the plurality of 



thermal sensors 



,00091 in an en^bodiment o, the present invention, the method for measuring the 

of the mic«>processor based on the then., information received from the plurairty 
of thermal sensors. 

rootO] in yet another embodiment of the present invention, also disclosed are a 

thermal distribution of the microprocessor based on the therma 
received from the photon detector. 
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lOOHlThe foregoing and other features and advantages of the present ,nvento 
S be apparent fron, the following more particular description of the preferred 
embodiments of the invention, as illustrated in the accompanying drawmgs. 



BRIEF DESCRIPTION OF THE DRAWINGS 

,0012lThe subiect maUer, which is regarded as the invention, is particulariy po,n.^ 
out a d distinctly claimed in the claims at the conclusion of the specif,cat,on. The 
foregoing and other features and also the advantages of the invent,on w I 
appL; from the foliov^ng detailed description taKen in coniunct,on w,th the 
accompanying drawings. 

(00131 FIG. 1 A is a block diagram illustrating the overall system of one embodiment 
of the present invention. 

[0014] FIG. IB is a graphical representation of a thermal distribution generated by 
one embodiment of the present invention. 

[00151FIG. 2 is a cross sectional diagram depicting one embodiment of the present 
invention. 

[00161 FIG. 3 IS an illustra«on of a conventional them,ocouple temperature sensor 
used in one embodiment of the present invention. 

,00171 FIG. 4 is an illustration showing the distribution of themiocouple temperature 
Tors in an elect^nlc device pacKage, in one embodiment of the present 
invention. 

100181 FIG. 5 is an illustration showing a circuit board for supporting themiocouple 
temperature sensors in an electronic device package, in one embodiment of the 
present invention. 



YOR920030511US1 



5 



EXPRESS MAIL LABEL NO.: EV343427179US 

p019,F,G.6isan— onofa— naUhin...^^^^^^^ 
used in another embodiment of the present inventon. 

,00201F,G 7 is an illustration showing a circuit board for supporting thin f,im 
Sr tlpelre sensors in an electronic device paCage, in one embod,ment 

of the present invention. 

10021, FiG. 8 is a c.ss sectional diagram depicting another embodiment of the 
present invention. 

10022, FIG. 9 IS a biocK diagram of a computer system in which an embodiment of 
the present invention can be implemented. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
JdrawingllKe numerals refer to lIKe parts through several v,ews. 



operation. 
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OVERVIEW 



,00.5, in order to ascertain the them,a, distributior,s of a microprooessor on e 
opeig — s, several en,t,odi.er,ts are disclosed to detern„r,e J 
1 "processor them^a, properties as a function of position on the --P~ 
en,hodi.ents uti,.e a cooiln, .x.re, such as a -Per -c^, -^^^^^^^^ 
sensors making thermal contact with the microp-^essor or a thermal interposer 
Z embodiment utilizes an optica, technique to vie. a f""V OP-^^ 

For example, an infrared camera records the thermal ,str, u 
rfTe mlcroprocessor by viewing the mic^processor blacK body rad,at,on em«ed 
dltolheat that is created during operation. Thethermal distributions generated 

rarolftheembodimentsoutlinedabovecanbeusedtomakeadiu^^^^^^^ 
Ze design or the operation of the microprocessor. Another useful appl,ca.o of 
t tecUue makes « possible to redesign the cooling structure 

where necessary. 

100261 in an embodiment of the present invention, a plurality o, thermal sensors 
Ted 0 take for exampie temperature measurements of tj^e electron.Je. . 
located within one or more thin film circuit layers disposed between a heat s,nk and 
nlnic device. In this embodiment, the location of the circu« iayer an^^ the 
thermal sense., between a heat sink and ^ electronic <^-e^a,iows^^^^^^^^^^^^^ 
sensors to gather for example temperature readings that .nciude the e« ct of he 
Z7L upon the electronic device. Further, the location of the circu,t layer and 
he th rma sensors allows the temperature sensors to gather for exam^e 
Tmp rire .adings f.m the elect^nic device during operation, where, the 
let! -c de.ce IS operating under conditions for which the elect.n,c dev,ce ,s 
designed. 

,0027, FIG 1 A is a block diagram illustrating the overall system of one embodiment 
S esent invention. FiO..Ashowselect.nicdevice 10. having ato^^ 
103, and thermal sensor 102. FIG. 1A also shows heat emanat,ng from me top 
YOR920030511US1 ^ 
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the top surface 103 of electronic device 101 . 

o«r 109 in this embodiment is to capture 
[00281The function of thermal sensor ,,,,, ,oi during 

temperature inforrnation Of the top surface 103 of h^^e..™ 
example, temperature sensor 102 would captur. ^'^'J^ 
electronic device 101. 

position value. This is shown in the equation below: 

10030, remp = fpo^n- te.pe.,a.,. iposm.. 'e.pa.fu,e, 

(positionn, temperaturen) 

120. 121 and 122. Each shaded area 120. 121 ana 
YOR920030511US1 ^ 
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: .... « i°r» 

device 101 or its cooling elements to render the system more efhcent. 
ro0331lnone embodiment Of the present invention.the temperature information and 
poTi Lation captured and reco^-ed by them^al sensor 102, i.e., the therma 
d s lion would be associated * information pertaining to the operat,on of he 
e cll device 101, such as the current load or the current operat,ng proces 
or * ons of the elect^nic device 101, i.e., a load proflle. For example, each 
ela ribln would be associated with a set of processes currency — 
on l electronic device 101, resulting in a load-based temperature prof,le^ The 
Ter^ S utions can be also associated with a set of thermal load cond,t,ons, 
or the them^al dist— can be asso.ated with deferent heat remote 

I which are realized by the package. Mathematically, a load based 
rperatrepro«lecanbedeschbedasanorderedpairconsistingofatemperature 

profile and a load profile. This is shown in the equation below: 
YOR920030511US1 ^ 
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t00341Load-i>asedren,,op«>ffle = (Ten,ppro«/e.Loadp«,«/e) 

- — ^^^^^^ 

measurement These load-based therma 

,01.obe.easuredwh«eHisopera.,ngund no^^^^^^^^^^^^^^^ ^^^^ 

advantage over the P"-^^ j'^; B,,,g,o„nd section above, 

thermal measurements m srtu. As 3 3,,,, distribution of a 

.ereisnoKnowntechni,ueforn,easunng.e u^^^^^^ ^^^^^^ ^^^^ 

ri::::=o::^ 
rr:= "==^^^^^ 

possible because the heat sink is non transparent 

t003..3..saorossse.onaldia.ramde.^^^^^^^^ 

invention. FIG. 2 shows a c,»ss section of the sy^e ^^^^ 

package including a heat Sin. a— ^ 

manufactured of copper or s.con, ^-J^^'^ ^,3, «,ich are part of the 
material. In FIG. 2 the then^ai sensors - 21°, 1 ^ 

iarger circuit.. Typicaliy, ^^-'^'^ZTJ^e^^nZo.^ and therma, 
sensors 210, 21 1, 212 in the c,rcu,try. The h ckn o 

oin 211 212 which may compnse several layers, m-y 
sensors 210. 211. 212. circuitry/sensors is chosen so that the 

YOR920030511US1 
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sensors, are described in more detail below, 
silicon, amorphous silicon or alumina. 

«B.C««».LETE»PER.TU» SENSOR »BO«MENI 

— » " ' ,r « ;^ » — » »» 
rr « — » • ' """^ ■ 

voltage sensor 308 coupled to the junction 306. 
YOR920030511US1 
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. f,.c dictates that the iunction between two materials 
l00401The Seebeck effect dictates tn Thermocouples rely on this 

eneratesavoltage, Which isafunotionoftemp.^^^^^^^^^^^ 

SeebecK eWecL In order to elicit a temper^tu. ^^^^ ,^.3 of 

takes a reading of the voltage at *e m ^^^^^^^ ^^^^^ 

,04,S.ndardtablesshowthe..ge^^^^^^^^ 

temperature. Unfortunately ,t ,s ^^'^^^'^^ t.e voltmeter 

them^ocouple to measure th,s voltage, because * ^^^^^^^ 

,eads Will make a second, undesired ^^ ^^^.^^^y^'^^sc^ 
measurements, this must^^^^^^^^^^^ 

^^^^^^^^^^^^^ 

not limited by the melting point of solder. 

. is an illustration showing ^^:::Z:7Z :Z 

sensors in an ^ii: Jonto the he. 

invention. FlG.4isaview from the bottom^^^^^^^^ P ^^^^^ 

„3. 4 Shows the outline of ^^^^ ^^^l^'^ „.p,es (such as the 
device 101. FIG. 4 shows an anay of closely sp 

12 

YOR920030511US1 



EXPRESS MAIL LABEL NO.: EV343427179US 

— jrr. 

to operate under varying load profiles. 

.. cin 4 <ihows as a heat sink a 

--v.— 

Cu-btock. in accordance wrth FIG. 2, e ^^^^^ ^ 

on the Cu.b,ccK. On t.e e,ectrica. ^"^^^^^^^ Typica, 

,0000 An.... .e .n.ons on .e 

thermocouple junctions may consist P 

--'r^r'T^srer:— 

ra~:e)^.-.non^ 

.0..,3.S-,sa -on«ac,^~ 

thermal sensors in an electronic dev,ce package, none em 

..ention. The view °' ^-^j; * V:^:; ^ ther.^^^^^^^^ 
.ooKing up onto the heat s,nk o, 2^ « ^^^^^^^ ^..^ ,05 and 

toward a surrounding c,rcu,t "oa-^ 5 a d 
406 to which the leads are pined, and then, 



circuit board 502 and 504. 



CirCUIl uu<aiu 

do not generate stray thermocouple junctions. 

405 or 406 

,eads can be used. In this example, the --'^^^^^"J^ L.^a by gold 
on the copper heat sink 202 and the c,rcu,t board 502, 504 

YOR920030511US1 " 
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^ dns or 406 would be connected with a platinum wire, 
wire landing. Platinum pad 405 or 406 wou 
Oenerallv in order to avoid strav^e—s^^^^^^^^^^ 
.oard 502, 504, it is reoommon ed ^ ^^^^^^ 

Tr^r ; — rrpPer.eatsinK202witM— 

rdir:-— 



THINFILMRESISTOKTEMPERATUKESENSOREMBODIMENT 

,04.nO.aisani,lustrationotacon.enti— 
.sed in another emt.odimento, the p^n nve.^^^^^^^^^^^ 

----- :;::r:r;ra h^^^ 

electronic device paoi<iage ot Pit., 

Sides to a voltage sensor 604 and a current source. 

,046,Xhe e,e..cal resistance ot ^ :Z 

tempe.U,re. Thin film resisto. are '^^'^Jj^^^^^, ^ „^^„,e 
coefficient of resistance is well known and oonstan ovej a ^^^^ 
,hout20.100C, in most cases, resistance ,n. a.^^^^^^^ 
,0 have a positive temperature coefficent ^^^^ J^^^^ 
resistor is a platinum —;—:: I^:; e easily imp.^^^^^^ 

r:r=u::=:::^^^^^^^^ 

coefficient of resistance. 

voltage reading of the resistor bu^. m impedance voltage 
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„a .V .e vo..e sense, eo. T.e voU.e c.n.e3 on. .3.0. eo. 
correspond to the temperature changes. 

thermal sensors 210. 211 and .^^^^j^^, 
that shown m FIG. 4. As B^- congruenfly with the top 



device 101 



,,,,„.othe.en,ho.n,entonhe present— -^^^^^ 

L a.av ot thermal sense, w. consist e, ^ ^Zl^ The thin tii. 

.esiste. With iunctien areas en the order o at,outJO.^^^^^ ^ ^^^^ 

:=rt:r:.ine.,an„^^^^^ 

~:=:r:rrr.ope...n.r.a.n.ea. 

iZo. . is an i,i.stration showing ^ -^^;:J:^:ZZZZ 
Listorten^peraturesensorsinane— oe^^^^^^^^^^ 
onhepresentinven«on.Theviewef ,G 7.st esa. sn^ 

.etton,, iooKing up onto the heat s,nK e GJ^ a^s ^^^^ 
are directed toward a surrounding c,rcu,t boa^ 702 a a 
706 708 and 710 to which the ieads are ,emed, and then, 



surrounding circuit board 702. 
YOR920030511US1 
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electronic device. 

PHOTON DETECTOR EMBODIMENT 

,00541 FIG 8 is a cross sectional diagram depicting anotl,er embodiment of the 
[00541 FIG. 3„ electronic 

"Lwhic. Changes opticaUe«ectivitvwitMempe.tu.s^^^^^^^^^^^ 
YOR920030511US1 
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and fluid 



each temperature reading. For example, 

piofile of the top surface 103 of the electronic device101. 

rr: - . - «»— — — - - 

hexane Fluid 806 may also comprise at least one of any alkanes 
alkanes. Fluid 806 may also be transparent to infrared radiation. 
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. „f tho oresent invention, alternative optical 

•■^ . r. flpriroQcence imaaing etc. 
implemented, such as thermal refieoiance. ..l 

EXEMPLARY IMPLEMENTATION 

,0059, F,G. 9 is a biocK diagram of a computer systen, in which an e— "t of 
n,edium having stored therein computer software and/or data. 
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si^r means for allowing computer ^^^^.^^ ^ 

,e computer ^'^Z^^^ Z^-e a program 

received by communicafons .nterface 924. The 9 

■ v.nc intprface 924 via a communications path (i.e., channel) y^o 
communications interface yz4 vw ... wire or cable, fiber 



channels. 



,0e3,lnt.saocumenU.eterms..comput.prog.m.^^^^^^^^^ 
.edium,- and "computer readable medium" are use to ene^ly 

Im p.ducts are means tor providing so«.are 
computer readable medium allows the computer '-^^^^^^^^^^^ 
.essagesor message packets, and^~ example, may 

computer readable med,um. ^^^^^^^ ^^^^ p,K drive 

include non-volatile memory, such as Floppy, 
YOR920030511US1 



EXPRESS MAIL LABEL NO.: EV343427179US 

^mory, CD-ROM, and other permanent storage, it is useful, for examplMor 

Zporting information, such as data and computer instruct,ons, between 
transporting ^^^^^ ^^p„5e 

computer systems, hurtnermore, ...o c>.,..kU.-. 

computer readable information in a transitory state medium such as a netwo K n 
Tnl a networK Interface, including a wired networK or a wireless networK. that 
allow a computer to read such computer readable informafton. 
[00641Computer programs (also called computer cont«>, logic) are stored ir, main 
lem ry 906 and/or secondary memory 912. Computer programs may also be 
rdd via communications interface 924. Such computer programs, whe 

xe ed enable the computer system to perform the features of the present 

nit n as discussed herein. In particular, the computer programs, wbo 
ZZ, enable the processor 904 to perform the features of t e compu. 
Accordingly, such computer p^grams represent controllers of the 

computer system. 

CONCLUSION 

P65, Although specific embodiments of the invention have been ^-^-^^ 
having ordinary sKil, in the art will understand that changes can be made to the 
el embolents without deparfing from the spirft and s.pe of the — 
The scope of the invention Is not to be restricted, therefore, to the spec, 

mbodlments. Furfhem,ore, « is intended that the appended claims cover any 

3,1 such applications. modifica«ons, and embodiments wl,h,n the scope of the 

present invention. 

[0066] What is claimed is: 
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